Strains of a new type of slowly growing scotochromogenic mycobacterium were isolated repeatedly from sphagnum vegetation and surface water of moors in New Zealand. These strains grew at 31 and 22°C but not at 37°C and possessed catalase, acid phosphatase, and arylsulfatase activities. They did not split amides, and most of them were susceptible to antituberculotic drugs. Furthermore, they did not tolerate 0.1% NaOH, and 0.2% picric acid and did not grow on compounds used as single carbon sources and single nitrogen and carbon sources. The internal similarity of the strains as determined by numerical taxonomy methods was 96.6% & 3.09%. The whole-mycolate pattern is unique in that it has not been found previously in 23 species of slowly growing mycobacteria. Evaluation of long-reverse-transcriptase-generated stretches of the primary structure of the 16s rRNA confirmed that these organisms belong to the genus Mycobacterium. The phylogenetic position of these bacteria is unique; they are situated between slowly growing pathogenic and rapidly growing saprophytic species. The strains are not pathogenic for mice, guinea pigs, and rabbits, but they provoke a nonspecific hypersensitivity reaction to bovine tuberculin. Hence, they are considered members of a new species of nonpathogenic, slowly growing mycobacteria, for which the name Mycobacterium cookii is proposed. Strain NZ2 is the type strain; a culture of this strain has been deposited in the American Type Culture Collection as strain ATCC 49103. During 1984 and 1985, 17 strains belonging to the genus Mycobacterium and having homogeneous properties were isolated from sphagnum vegetation and pond water obtained from sites throughout the North and South Islands of New Zealand (4, 11). These strains were not pathogenic for experimental animals, they stimulated nonspecific hypersensitivity to bovine tuberculin in sensitized guinea pigs (ll), and they were regarded as a source of nonspecific tuberculin reactions in cattle in some regions of New Zealand (4). The properties of these strains indicate that they belong to a new species. In this paper we describe the results of a taxonomic study of these unusual strains.
During 1984 and 1985, 17 strains belonging to the genus Mycobacterium and having homogeneous properties were isolated from sphagnum vegetation and pond water obtained from sites throughout the North and South Islands of New Zealand (4, 11) . These strains were not pathogenic for experimental animals, they stimulated nonspecific hypersensitivity to bovine tuberculin in sensitized guinea pigs (ll), and they were regarded as a source of nonspecific tuberculin reactions in cattle in some regions of New Zealand (4) . The properties of these strains indicate that they belong to a new species. In this paper we describe the results of a taxonomic study of these unusual strains.
MATERIALS AND METHODS
Bacterial strains. The designations and sources of 17 previously undescribed strains of mycobacteria (referred to below as the NZ strains) are shown in Table 1 .
Methods. Colony morphology and the ability to grow at various temperatures (22, 31, 37, 42 , and 45°C) were determined after 4 weeks of incubation on Lowenstein-Jensen slants and Middlebrook 7H10 agar inoculated with mg of cells per plate. Pigment production in the dark and photoactivity after 6 weeks of incubation were determined as previously described (8, 24). The following tests were also performed as described previously: nitrate reduction and catalase activity (2) ; Tween hydrolysis (14) ; acid phosphatase production (10) ; arylsulfatase activity after 3 and 10 days (12) ; production of acidamidase, benzamidase, urease, isonicotinamidase , nicotinamidase , p yrazinamidase , salicylamidase, alantoinase, succinamidase, and malonamidase (1) ; and resistance to 1 and 5 pg of ethambutol per ml, 1 and 10 pg of isoniazid per ml, 20 pg of rifampin per ml, 5 pg of streptomycin per ml, and 10 and 40 pg of ethionamide per ml * Corresponding author (25) . In addition, resistance to 0.1% NaNOz (21) and resistance to 0.2% picric acid (21) were also tested. Acid production from glucose and mannose was tested in agar medium during 6 weeks of incubation (8) . Utilization of glucose, mannose, sodium succinate, sodium malonate, and sodium fumarate as sole carbon sources and utilization of sodium glutamate, trimethyldiamine, and sodium nitrate plus glucose as sole sources of carbon and nitrogen were determined by using the method of Tsukamura (22) . In the phylogenetic study long-reverse-transcriptase-generated stretches of the primary structure of the 16s rRNA of strain NZ2T (T = type strain) were compared with the 16s rRNA primary structures of 11 species of mycobacteria (17; J. Smida, Ph.D. thesis, University of Kiel, Kiel, Federal Republic of Germany, 1988) . Homology values were transformed into evolutionary distance values (Knuc) (9) , and an unrooted phylogenetic tree was produced by using the algorithm of Fitch and Margoliash (7) . To determine the approximate degree of relatedness between strain NZ2T and Mycobacteriurn xenopi, three fragments of the 16s rRNA sequence of M . xenopi ATCC 19250 were compared with the strain NZ2T sequence. Lipid analyses were carried out on strains NZ1, NZ2T, NZ4, NZ6, NZ9, NZ13, NZ14, and NZ17 by using two different complementary methods. Cells were scraped from Lowenstein-Jensen slants, saponified, and converted to methyl esters as previously described (5). The mycolic acid methyl esters in these extracts were analyzed by thin-layer chromatography, using either CH2C12 or petroleum ether (boiling point, 50°C)-diethyl ether (9: 1, vol/vol) as the developing phase (5). Nonhydroxylated fatty acid esters in the same preparations were examined by gas chromatography, using a Perkin-Elmer model 8310B gas chromatograph fitted with a 1-m column packed with 3% OV-1 and nitrogen as the carrier gas (20) . To determine the composition of the chain in position 2 of the mycolates, pyrolytic conditions were used, with the injector temperature raised from 300 to 400°C (5) . Alternatively, free lipids were extracted from cells to produce nonpolar and polar fractions, which were examined by thin-layer chromatography (6). The defatted cell residues were saponified and converted to methyl esters, and mycolate patterns were determined by two-dimensional thin-layer chromatography (6, 15). A portion of each polar free lipid extract was saponified with 5% tetrabutylammonium hydroxide; this was followed by phase-transfer-catalyzed esterification (16) to produce non-hydroxylated fatty acid methyl esters. These esters were purified by preparative thin-layer chromatography, and profiles were recorded by using a Shimadzy model Mini-3 gas chromatograph fitted with a 12-m bonded methyl silicone (BP-1) fused-silica capillary column (Scientific Glass Engineering) and nitrogen as the carrier gas.
The DNA guanine-plus-cytosine content of strain NZ1 was determined by C. Cocito, Brussells, Belgium (3). Cultures of strains NZ1 and NZ2T that were 4 weeks old were tested for pathogenicity. For each strain five rabbits were inoculated intravehously with 10 mg (wet weight) of bacteria, five NMRI white mice were infected intravenously with 1 mg of bacteria, and five guinea pigs were infected subcutaneously with 10 mg of bacteria. After 12 weeks, the animals were necrbpsied and examined (13) .
Numerical analybs. On the basis of a comparison of 41 properties, the level of internal similarity of the 17 NZ strains was determined (18) . A total of 43 properties of 21 species of slowly growing mycobacteria were determined and compared with the properties of strain NZ2=. All of the data obtained were converted to the simple binary form (i.e., 1 or 0) for analysis; both negative and positive matches were used (18) .
RESULTS AND DISCUSSION
The cells of the 17 NZ strains grown on LowensteinJensen agar and on Middlebrook 7H10 agar were rod shaped (0.8 by 1.4 to 1.9 pm), often polymorphic, gram positive, and acid-alcohol fast and often formed clumps, but not cords or cross bands. Spores, capsules, true branching, and aerial hyphae were not observed. On Lowenstein-Jensen medium, all of the strains were eugonic and produced smooth, glistening, yellow-orangepigmented colonies when they were incubated at temperatures between 22 and 31°C. At 31"C, growth was observed after 3 to 6 weeks; at 22°C growth was observed after 6 to 8 weeks. No growth occurred at 37, 42, or 45°C. Smooth, compact, glistening, yellow-orange colonies that were 0.5 to 1.0 mm in diameter and had entire margins developed on Middlebrook 7H10 agar from dilute inocula after 3 weeks of incubation at 31°C. A total of 41 properties of the NZ strains are shown in Table 2 . These strains constitute a homogeneous group with a level of internal similarity of 96.61% 5 3.09% (Table 3) . A comparison of the properties of strain NZ2= with the properties of 21 species of slowly growing mycobacteria showed that this organism differs from previously described species ( Table 4 ). The partial sequence of the 16s rRNA consisting of 1,272 nucleotides of proposed type strain NZ2 is shown in Fig. 1 aligned with three long stretches of the 16s rRNA from M. xenopi ATCC 19250 which were not included in the broad phylogenetic study of Smida (Ph.D. thesis). The phylogenetic position of strain NZ2T based upon derived homology values ( Table 5 ) is shown in Fig. 2 .
The NZ strains are mycobacteria with limited enzymatic activity. All of these strains possess catalase, acid phosphatase, and arylsulfatase activities. No amidase activity was found. Most of these organisms are susceptible to antituberculosis drugs, an unusual pattern in environmental mycobacteria. Furthermore, they did not use any of the compounds tested as single sources of carbon or nitrogen. The guanine-plus-cytosine content (63.7 2 3.0 mol%) is similar to that of Mycobactenurn bovis, but the NZ strains are not pathogenic for experimental animals and differ from M. bovis in their 16s rRNA sequence (19) . Nevertheless, the NZ strains provoke a cross-reaction to bovine tuberculin (4, 11) . The whole-cell mycolate pattern (Table 6 ) is unique in that it has not been found previously in 23 species of slowly growing mycobacteria (5, 6) . The mycolate pattern confirms the homogeneity of the taxa, but some variations were observed in the nonhydroxylated fatty acid and polar glycolipid profiles. The absence of tuberculostearic acid in strain NZ4 and the low levels of this acid in strains NZ1, NZ6, NZ9, and NZ13 are unusual ( Table 7) . The phylogenetic position of the NZ strains is within the genus Mycobacterium between the slowly growing pathogenic mycobac- teria and the saprophytic rapidly growing mycobacteria (Fig.  2) . Furthermore, the possibility of a close phylogenetic relationship between strain NZ2T and M. xenopi ATCC 19250 can be excluded. The binary homology values of the stretches which we compared (95%) were as low as and similar to those found between individual slowly growing Mycobacterium species. Similar results with respect to the exclusiveness of strain NZ2T were obtained by E. C. Bottcher (personal communication), who compared rRNA sequences by using a polymerase chain reaction and a synthetic primer for Mycobacterium gordonae, M. xenopi, Mycobacterium kansasii, and strain NZ2T. Taxonomic description of Mycobacterium cookii sp. nov.
named for Bertram Cook, who discovered the natural reservoirs of this Mycobacterium species in sphagnum vegetation and pond water in New Zealand). The description of M. cookii below is based on a study of 17 strains which shared the characteristics shown in Table 2 . Cells are acid-alcoholfast, polymorphic rods (0.8 by 1.4 to 1.9 pm) which often form clumps but not cords or cross bands. Spores, capsules, true branching, and aerial hyphae do not occur. Colonies on Lowenstein-Jensen medium and Middlebrook 7H10 agar are smooth, glistening with yellow-orange pigmentation, and 0.5 to 1 mm in diameter; the optimum growth temperature is 31°C. These organisms do not grow at 37, 42, or 45°C. Biochemical characteristics are shown in Table 2 . The strains are mycobacteria with limited enzymatic activity. They possess catalase, acid phosphatase, and arylsulfatase activities. For all strains nitrate reductase activity, amidase activities, and acid production from glucose and mannose are negative. These organisms do not tolerate 0.1% NaNO, and 0.2% picric acid and do not grow on media containing single carbon sources or single sources of nitrogen plus carbon. Most of the strains are susceptible to antituberculosis drugs (Table 2) . M. cookii possesses a unique mycolate pattern ( Table 6 ). The guanine-plus-cytosine content is 63.7 f 3.0 mol%. The phylogenetic position based on an evaluation of the partial 16s rRNA sequences is within the genus Mycobacterium between the slowly growing pathogenic species and the saprophytic rapidly growing species ( Fig. 1  and 2) . The strains which we tested are not pathogenic for guinea pigs, rabbits, or mice. They provoke nonspecific skin hypersensitivity reactions to bovine tuberculin. Characteristics r hich differentiate M. cookii from other related mycobacteyia. M . cookii can be differentiated from M . gordonae by its failure to grow at 37"C, by its failure to hydrolyze Tween, by its susceptibility to antituberculosis drugs and 0.1% NaOH,, and by its failure to grow in medium containing NaNO, and glucose as N and C sources. Furthermore, there are marked differences in the 16s rRNA sequences and the mycolate and lipid patterns (K.-H. Schroder, personal communication).
M . cookii is easily differentiated from M . xenopi by its failure to grow atl45, 42, and 37"C, by its lack of nicotinamidase and pyrazinamidase activities, and by its whole-cell mycolate pattern. Furthermore, M . xenopi shows marked resistance to most of the antituberculosis drugs tested and tolerance to 0.1% NaNO, and grows on sodium glutamate as a single source of nitrogen and carbon, properties which were negative in M . cookii. In addition, a close phylogenetic relationship between M . cookii and M . xenopi can be excluded since the binary homology values for stretches of 16s rRNA are as low as 95%.
M . kansasii can be differentiated from M . cookii by its failure to develop pigment in the dark, by its growth at 37"C, by its positive nitrate reductase activity, by its ability to hydrolyze Tween, by its splitting of urea and nicotinamide, and by its production of acid from glucose. Furthermore, M . kansasii grows on media containing mannose and sodium succinate as sole carbon sources and on media containing NaNO, and glucose as single sources of carbon and nitrogen. The whole-mycolate pattern of M . kansasii differs from that of M . cookii.
